The incidence of acute upper respiratory tract viral infections (URTI) is directly correlated to air temperature with most URTI occurring seasonally in cold weather. This review looks at four types of cold exposure and examines the evidence and possible mechanisms for any relationship to URTI. The effects of cold are discussed as: 1) Chilling of the nose and upper respiratory tract by breathing cold air, 2) Chilling of the mouth and upper digestive tract by ingestion of cold drinks and food, 3) Acute chilling of the body surface, and, 4) Chilling of the body as a whole with a fall in body temperature, hypothermia. Some studies were found to support a relationship between breathing cold air and chilling the body surface with the development of URTI, although this area is controversial. No evidence was found in the literature to support any relationship between ingestion of cold drinks and food and URTI, and similarly no evidence was found to link hypothermia and URTI. 
Introduction
Acute upper respiratory tract viral infections (URTI) are commonly associated with cold exposure and this may be the origin of the term 'common cold' which implies exposure to cold or a feeling of chilliness and cold. Despite the well established fact that common colds are caused by common cold viruses (1) there is a widely held folklore that common colds are caused by exposure to cold draughts and damp that in some way penetrate the body to cause illness (2) . Benjamin Franklin was supposed to have dispelled any relationship between cold exposure and colds in 1773 when he debated that colds were caused by contagion, and that exposure to cold was beneficial (3) but the belief that cold exposure causes common colds still strongly persists amongst populations across the world (2, (4) (5) (6) (7) (8) . This idea has been the subject of a recent review that suggested that exposure to a cold environment did increase the risk of respiratory tract infections and their severity, and proposed that it was important for public health authorities to take measures to prevent the adverse effects of cold air, especially among vulnerable populations (5) . Cold weather is a killer that causes some 250,000
excess winter deaths each year in Europe alone (9) . Most of these deaths are due to lower respiratory infections such as pneumonia and bronchiolitis but the infection usually starts as an URTI especially in the case of respiratory syncytial virus and influenza infections (10, 11) .
The influence of cold weather on the seasonality of URTI has been previously reviewed (12) and this review will focus on the pathophysiological effects of chilling and development of symptoms of URTI. The effects of cold can be categorised as chilling of four different areas of the body as illustrated in Figure The effects of cold weather on the transmission and survival of viruses, and on crowding and behaviour may influence the incidence of URTI in a population but these topics will not be discussed in this review, which will focus on the effects of chilling on the individual.
Effects of chilling the nose and upper respiratory tract
In periods of cold weather subjects will put on coats and hats to protect against body chilling but it is uncommon for the nose to be protected, and therefore the nose and upper airway are directly exposed to the ambient air temperature and the nasal airway is chilled by every inspiratory breath of cold air.
A common factor amongst a wide range of respiratory diseases such as common cold, flu like illness, and pneumonia is a correlation between the incidence of the disease and air temperature, with the incidence of respiratory disease increasing as the air temperature falls (5, (12) (13) (14) (15) (16) . An example of the relationship of the incidence of one type of URTI (influenza like illness) and air temperature is illustrated in Figure 2 . The incidence of influenza like illness is based on the reports from 230 general practitioners in the UK for the period August 1970 to July 1991 and the incidence is expressed as the rate per 10,000 registered patients.
Influenza like illness is a general term, which also includes severe common colds, and the figure clearly illustrates that as the air temperature declines the incidence of influenza like illness increases with the peak incidence of illness occurring during the coldest month of February (13) . The correlation between air temperature and the incidence of respiratory disease is generally accepted in the literature for respiratory diseases such as common cold (17, 18) and bronchiolitis caused by respiratory syncytial virus (RSV) (19) (20) (21) and the primary cause of both diseases involves viral infection of the nasal airway.
The incidence of URTI is only related to cold air temperature when viruses are free to move around a large population of susceptible hosts. The classic study by Paul & Freese (1933) in an isolated arctic community of some 500 persons clearly demonstrated that during the very cold winter period the weekly incidence of colds gradually fell to almost none as immunity to the viruses developed in the closed community, but then rapidly rose to an epidemic of some 100 cases of colds a week after Redrawn from data in a report by Curwen (13) . a ship arrived with new subjects with colds and new viruses to which the isolated community had not been previously exposed (22) .
Exposure to cold air can cause chilling of the body surface if the subject is not well clothed, and if chilling is prolonged this may cause hypothermia. However, if the subject is well clothed then it is only the face, nasal airway and upper respiratory tract that will be chilled, and this is the assumption made in this section.
Although acute chilling of the face can cause reflex cardiovascular and respiratory responses such as bronchoconstriction and bradycardia (23) (24) (25) no evidence has been found to indicate that acute facial chilling leads to URTI.
Breathing cold air will not only chill the nasal airway but also cause some drying of the airway, as cold air is dry and will have a drying effect on the airway. It is difficult to separate the effects of cooling and drying on exposure to cold air, especially since airway drying through evaporation will be accompanied by some degree of cooling (26) .
The hypothesis that will be proposed in this review is that breathing cold air causes chilling of the nasal airway and this compromises respiratory defence against infection firstly by slowing mucociliary clearance and secondly by inhibiting leucocyte phagocytosis.
Breathing cold air chills the nasal airway
The air we breathe is warmed and humidified as it passes through the nose and upper airways, so that by the time it reaches the lungs it is warmed to 37 o C and fully saturated with water vapour (27) . In most environments the air we breathe is well below 37 o C, and therefore the nasal airway is always exposed to a degree of heat loss and chilling and the anterior part of the nose will be directly exposed to the ambient temperature. (29) . Work in a cold environment such as in the food industry where workers spend time in refrigerated areas, chills the nasal airway, and such workers have been reported to suffer from an increased incidence of colds compared to the general population (30) .
Breathing cold air, especially during exercise when the nasal airflow is increased, will cool and dry the nasal mucosa and act as a nasal irritant (26) . The nasal irritation may lead to acute symptoms similar to a common cold with sneezing, nasal congestion and runny nose (31) . This type of nasal condition is sometimes referred to as 'skier's nose' (32) . These acute nasal symptoms, that may last over a few hours, are not usually confused with the typical symptoms of URTI that may persist for a week or more.
Chilling of the nasal airway compromises respiratory defence
Each day our nose warms, filters and humidifies around 14,000
litres of air (33) . This air contains dust that is contaminated with infectious material such as viruses, bacteria and fungi. The nose and upper airways are the most commonly infected area of the body with adults suffering on average 2-5 symptomatic URTI every year and most school children suffering 7-10 colds a year (34) . The adenoids at the back of the nose (nasopharynx) act as immune samplers of inspired pathogens and they are the site of the first infection of the nasal airway (35, 36) . The nose and upper airways have two major defences against infection: firstly, mucociliary clearance of a continuously moving layer of mucus that lines the airway; and secondly, the local innate immune response involving phagocytic leukocytes. Chilling of the airway will compromise both these mechanisms of respiratory defence and predispose to respiratory infection.
Effects of chilling of nose on mucociliary clearance
Particulate matter deposited in the nose, is trapped on the thin mucus blanket that covers the nasal respiratory epithelium, and then slowly moved by rapidly beating cilia to the nasopharynx, to be swallowed and then sterilised in the acid of the stomach (37) . Mucociliary clearance consists of two components; the production of a thin blanket of mucus and the beating of cilia (37, 38) . Mucociliary clearance is the first line of respiratory defence against infection and anything which compromises mucociliary clearance leads to an increased incidence of respiratory infection (37, 38) . The rate of clearance of particles deposited on the surface of the respiratory epithelium can be slowed by factors that slow the rate of beating of the cilia, and by factors that decrease the rate of secretion of mucus or increase the viscosity of the mucus (38, 39) . For example: the beating of the cilia may be slowed by genetic diseases which predispose to ciliary dyskinesia, and these diseases invariably result in chronic infections of the nose, paranasal sinuses, and lower airways (40) ; and the viscosity of the mucus blanket is increased by diseases such as cystic fibrosis, and this results in frequent and often chronic infection of the airway (38) .
Human mucociliary clearance is slowed on exposure to cold air (37) and cilia stop beating at 4 o C and then do not start beating until the temperature is 10 o C (41) . The decrease in temperature, by slowing metabolic activity, is likely to influence the rate of mucociliary clearance by slowing ciliary beat frequency and decreasing the rate of secretion of mucus. Depending on the magnitude of the decrease in temperature it is also likely to cause an increase in the viscosity of respiratory mucus (42) .
Exposure to cold air decreases the temperature of the nasal respiratory epithelium and that this causes a decrease in the rate of mucociliary clearance that compromises respiratory defence to infection (43) .
Effects of airway cooling on local immune response of the airway
The immediate local innate immune response of the nasal respiratory epithelium to viral and bacterial infection involves a non-specific response of polymorphonuclear leukocytes and lymphocytes. Phagocytic leukocytes continuously pass through the nasal epithelium into nasal mucus and scavenge any particulate matter such as viruses and bacteria. Nasal mucus is normally clear and colourless but with infection there is a massive movement of leukocytes through the nasal epithelium into the nasal airway and the colour of nasal mucus changes from clear to yellow to green as the concentration of leukocytes increases in the mucus (44) . The non-specific response involves, phagocytosis, the generation of viricidal and bactericidal superoxides, the generation of complement factors, and the generation of chemical mediators such as bradykinin and prostaglandins, which play an active role in local defence (45) . Like all biological processes that are dependent on metabolic activity, the local immune response of the respiratory epithelium is slowed by a decrease in temperature (46) (47) (48) .
Chilling of the nasal airway may compromise the local immune defences in the adenoid tissue in the nasopharynx as cooling of the adenoids will slow phagocytosis of viruses and bacteria and predispose to infection. The adenoids and nasopharynx have been shown to harbour respiratory viruses during the winter colds season (49, 50) and it is possible that cooling of the adenoids with cold air could convert a sub-clinical infection into a clinical symptomatic URTI.
Effects of chilling the mouth and upper digestive tract
The idea that cold food and drink harms the body may relate back to Hippocratic ideas (Hippocates 460-370 BC) that good health depended on a balance between four qualities: heat, cold, wetness and dryness (51) . This ancient idea still persists in the present day, and the cause of URTI is commonly attributed to an imbalance of 'hot' and 'cold' in the body, especially in less welleducated rural communities (7, 52) . The temperature imbalance is sometimes believed to be caused by ingestion of cold food and cold water that may disturb the humoral balance between 'hot' and 'cold' in the body (52) . Cold food is often a left-over food that has been saved for later eating, such as cold rice dishes, and rural communities in Bangladesh believe that eating this cold food may cause URTI and more serious infections such as pneumonia (52) . Drinking cold water is also believed to be a cause of respiratory infections by disturbing the body's balance of 'hot'
and 'cold'
.
It may not be surprising that the folk-lore in less well-educated (53) .
The belief that cold foods and drinks may have harmful effects if ingested during cold weather is often linked to the idea that in winter it is best to keep warm, and that cold foods and drinks may in some way cool the body and make it more susceptible to common illnesses such as sore throat and common cold. A January 2009 Euromonitor report indicates that the sales of ice cream in Turkey are reported to be mainly in the summer months because "there's a widespread belief among Turks that eating ice cream during the frigid winter months can spark maladies such as throat infections (54) .
A sore throat is often the first sign of a developing URTI as the respiratory viruses have been shown to first infect the adenoid tissue in the nasopharynx at the back of the nose (35) . Respiratory viruses can be found in the nasopharynx and adenoids during the winter common cold season (49, 50) but there is no evidence that these viruses infect the mouth and digestive tract and this may be because of a lack of relevant virus receptors in the mouth and digestive tract such as intercellular adhesion molecule-1 which acts as a receptor for rhinoviruses and which is found expressed in adenoid tissue (55) . Cold food and drink cool the mouth and upper digestive tract (oesophagus) and although the nasopharynx, at the back of the nose, is above and close to the digestive tract, it is unlikely to be significantly cooled by food and drink, as it is part of the nasal airway and not the digestive tract. As speculated above for the nasal airway, chilling of the adenoids could inhibit the local innate immune response of the adenoids and predispose to development of URTI but because of the lack of contact of the adenoids with ingested food and fluid this does not seem likely.
Application of an ice-lolly to the skin will induce temperature regulation reflexes such as shivering and skin vasoconstriction (56) , but there is no evidence that application of the same cold stimulus to the mouth causes any temperature regulating reflexes such as vasoconstriction (57) . This may be because the skin cold receptors are involved in temperature regulation as exteroreceptors whereas the cold receptors in the mouth are involved in the appreciation of food and drink rather than temperature regulation. Chilling of the body surface causes shivering and this may be perceived as unpleasant, especially during cold weather but chilling of the mouth is may be perceived as pleasant because the cool stimulus satiates thirst (58, 59) .
No scientific or clinical evidence has been found to support the idea that ingestion of cold products such as ice cream predisposes to sore throat or common cold. On the contrary rather than predisposing to causing sore throat there is a traditional use of cold products such as ice cream and ice lollies as a therapy to reduce post-operative pain of sore throat after tonsillectomy in children (60) . In a recent clinical study on 92 children who had undergone tonsillectomy, Sylvester et al. reported that ingestion of an ice lolly reduced sore throat pain for up to one hour after ingestion of the lolly (60) . Children undergoing tonsillectomy are suffering from inflammation and infection of the tonsils and throat, and there is no evidence that ingestion of cold products exacerbates tonsillitis or causes sore throat, rather the opposite effect seems to be more likely, that cold products are a useful therapy for sore throat. The mechanism of this analgesic action of throat cooling has been proposed to be due to effects on cold receptors in the throat (61) . Sore throat pain is caused by the effects of inflammatory mediators such as bradykinin and prostaglandins on pain nerve endings, and the pain is increased by the warming effects of throat inflammation (62) . Ice treatments for tonsillectomy pain may work in two ways, firstly by lowering the temperature of pain nerve endings, and secondly by activating TRPM8 cold receptors (Transient Receptor Potential Melastin 8). TRPM8 is a menthol receptor, which evokes a cool sensation when activated by temperatures below 25°C and TRPM8 activation, has been shown to elicit analgesia in several different pain models (63) . TRPM8 cold receptors will be activated by any cold stimulus in the mouth, such as ice cream and ice lollies. It is interesting that menthol lozenges, which give a cool sensation in the mouth, are one of the most popular treatments for sore throat and menthol is a stimulant of the TRPM8 cold receptors (64) .
The cooling of the mouth and throat by ingestion of cold food and drink will only cause a brief period of cooling over a few minutes, and any effects on the defences against infection will be short lived. This contrasts with cooling of the nasal airway in cold weather as discussed above, when the nasal airway may be exposed to cold air for many hours. The volumes of cold air are also much greater than the volume of any cold food and drink, as we breathe over 14,000 litres of air each day, whereas total food and drink only involve a few litres of intake each day.
Effects of acute chilling the body surface
It is well established that chilling of the body surface will cause a pronounced vasoconstriction of blood vessels in the nose and upper airway. Mudd et al. (65) reported that chilling of the body surface in human volunteers caused a pronounced ischaemia of the nasal mucosal surface that was measured as a fall in temperature via a nasal thermistor. In some subjects the depression of nasal mucosal temperature was more than 6 o C. Spiesman (66) demonstrated that cold stimuli such as cold air or ice filled cups, applied to the exposed areas of the body such as the back and feet, caused a pronounced decrease in the temperature of the nasal mucous membrane which was interpreted as being due to nasal vasoconstriction. Spiesman (66) , also reported that in subjects who were prone to many upper respiratory tract infections there was a more prolonged nasal vasoconstriction compared to normal subjects, with the nasal vasoconstriction lasting for several hours in some subjects. Drettner (67) conducted a series of experiments on 50 subjects that demonstrated a marked vasoconstriction and blanching of nasal blood vessels, on cooling the back or placing the feet in cold water. The nasal vasoconstrictor response was greater at 90 minutes in those subjects who had eight or more colds per year compared to a group that had 0-3 colds per year. The idea that chilling of the body surface could predispose to infection of the upper airway, by causing vasoconstriction in the mucous membranes lining the airway, was first proposed by Mudd and Grant (68) . In a study on human volunteers Mudd and Grant (68) reported that cooling of the skin caused a reflex vasoconstriction and ischaemia of the mucous membranes of the palate, faucial tonsils, oropharynx and nasopharynx. The mechanism of compromising nasal defences against infection is that the vasoconstriction reduces the supply of leucocytes to the lining of the nose and adenoids and therefore reduces the elimination of viruses from the nose (69, 70) .
The hypothesis that chilling the body surface causes constriction of the mucosal blood vessels in the nose and throat and that this compromises local immune responses and allows a sub-clinical viral infection to develop into a clinical infection has been previously reviewed (70) . This hypothesis is controversial because some laboratory studies have failed to demonstrate any increased susceptibility to respiratory viral infection on acute cold exposure (71) (72) (73) . Cold exposure in these studies involved exposure of subjects for 2-4 hours in cold rooms at 10-60 o F (72) and submersion in water baths at 32 o C for several hours (73) . A criticism that can be made against these laboratory experiments, is that they do not mimic the natural exposure to viruses and A study on chilling of the feet and onset of common cold symptoms in human subjects does provide some support for the hypothesis that chilling can lead to an URTI (74) . In this study, 180 subjects were randomly allocated to receive either a foot chill or control procedure. 13/90 subjects who were chilled reported they were suffering from a cold in the 4/5 days after the procedure compared tp 5/90 control subjects (p = 0.047). The chilled subjects also had significantly greater symptom severity scores for days 1-4 following chilling (p = 0.013). The major weakness of this study is that there was no virology undertaken to prove that the colds were URTI. More research with larger groups and virology is needed to test this controversial hypotheis (5, 75) .
Effects of hypothermia
It is difficult to separate the effects of hypothermia from the three other types of chilling discussed above as a fall in core body temperature is likely to be preceded by exposure to chilling of the body surface and may also include breathing cold air. Most studies on hypothermia and respiratory infection have been concerned with the development of more serious respiratory infections such as pneumonia and a literature search has not found any studies on hypothermia and URTI.
Induced hypothermia is used to protect the brain and other organs after trauma and during some types of surgery. Evidence from clinical and in vitro studies shows that hypothermia can impair immune function (76) . Inhibition of inflammatory responses may be one of the mechanisms through which hypothermia protects the brain and other organs from damage. Hypothermia inhibits the release of various pro-inflammatory cytokines (77) and suppresses chemotactic migration of leukocytes and phagocytosis (47) .
Clinically induced hypothermia has been implicated as a cause of respiratory infections such as pneumonia (5) . In a study examining the safety of moderate hypothermia it was found that pneumonia was a common complication and occurred in 48% of patients (78) . A meta-analysis of data from eight high quality trials demonstrated an increase incidence in pneumonia of 51% in patients treated with hypothermia compared with 23% in the normothermia group (79) . The role of clinically induced hypothermia in predisposing towards respiratory infection is complicated by the many other procedures that patients may undergo whilst in intensive care units such as the use of antibiotics and selective decontamination of the digestive tract, and some reports have indicated that these procedures can greatly reduce the risk of infection (80) .
Although one might expect that hypothermia would always cause an inhibition the immune and inflammatory responses to infection, the current consensus is that a mild decrease in core temperature (~0.5 o C has little effect or even a stimulatory effect on immune function, but that modest (~1 o C) and severe (~4 o C) decreases in core temperature inhibit immune function (75) .
Discussion and conclusions
The relationship between cold air and the incidence of URTI is an established fact, but there is controversy about 'if 'and 'how' cold air may cause or predispose to URTI. The symptoms of an uncomplicated URTI may be a nuisance for a week or so, but the viruses that cause URTI also cause considerable morbidity and mortality by predisposing to serious lower respiratory tract infections such as pneumonia, especially in infants and the elderly, and this makes the control of URTI in the community a more serious issue for discussion (5, 10) . If breathing cold air is involved in determining the incidence of URTI, then simple measures such as wearing a scarf across the face to prevent nasal cooling could be promoted to reduce the incidence of URTI and the risk of lower respiratory tract infections in the elderly (12) .
A relationship between chilling of the body surface and URTI is even more controversial than that for exposure to breathing cold air and URTI. Causality between chilling and URTI is firmly rooted in the folk-lore throughout the world (2, 52, 81) but experiments designed to test this hypothesis have given conflicting results and more research is needed in this area.
The fear of developing a URTI or sore throat on consuming cold foods such as ice cream or taking cold drinks in cold weather persists in some countries (7) but no evidence has been found to support this idea. No scientific or clinical evidence has been found to support the idea that ingestion of cold products such as ice cream predisposes to sore throat or common cold and there is no satisfactory mechanism to explain how ingestion of cold products could influence onset of URTI .
Hypothermia may be a cause of infections such as pneumonia but no evidence has been found to indicate that hypothermia causes URTI.
Cold and URTI are synonymous but there is still much more research needed to show how the two can be linked together.
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